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a b s t r a c t 

Coronavirus disease of 2019 (COVID-19) is the respiratory viral infection caused by the coronavirus SARS-CoV2 (Severe Acute Respiratory Syndrome Coro- 

navirus 2). Despite being a respiratory illness, COVID-19 is found to increase the risk of venous and arterial thromboembolic events. Indeed, the link 

between COVID-19 and thrombosis is attracting attention from the broad scientific community. In this review we will analyze the current available 

knowledge of the association between COVID-19 and thrombosis. We will highlight mechanisms at both molecular and cellular levels that may explain 

this association. In addition, the article will review the antithrombotic properties of agents currently utilized or being studied in COVID-19 management. 

Finally, we will discuss current professional association guidance on prevention and treatment of thromboembolism associated with COVID-19. 

Published by Elsevier Inc. 
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. Introduction 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) 

esulted in global pandemic in early 2020. The World Health Orga- 

ization (WHO) designated the name COVID-19 (Coronavirus dis- 

ase of 2019) as the official name of the diseases caused by SARS- 

oV2. First reported in Wuhan China in late 2019, the total con- 

rmed COVID-19 cases worldwide have surpassed 49 million with 

ore than a million of global death in eleven months (coron- 

virus.jhu.edu/map.html). From the name of its causative virus, 

OVID-19 is a primarily respiratory disease that, in severe cases, 

an lead to pneumonia or acute respiratory distress syndrome 

ARDS). However, several non-respiratory presentations are being 

anifested in COVID-19 patients among which are venous and ar- 

erial thromboembolic events. 

Thromboembolic complications have been reported in COVID- 

9 patients by different groups (just to mention few, [1–4] ). Im- 

ortantly, various organs are affected by COVID-19 induced coagu- 

opathy, including the vasculature of lungs [1] , legs [3] , spleen [2] ,

eart [5] and brain [6] . These complications are usually associated 

ith multiorgan failure and high mortality in severe cases of the 

iseases [7] . The current clinical data indicate that both pulmonary 

mbolism (PE) and deep vein thrombosis (DVT) are the most fre- 

uently noted thrombotic events in COVID-19 [4] . Intriguingly, the 

isk of venous thromboembolism (VTE) remains to be high in hos- 

italized patients despite anticoagulation prophylaxis [8–12] . In- 

eed, the data are rapidly emerging and at the time of writing 
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his article, the rate of venous thromboembolic events was esti- 

ated as high as 25 to 30%, particularly in critically ill and me- 

hanically ventilated patients [13] . Other thrombotic complications 

ere also reported including stroke, acute limb ischemia and acute 

oronary syndromes [ 6 , 14 , 15 ]. Both acute ischemic stroke and my-

cardial injury are reported in up to 5% and 20% in hospitalized 

atients, respectively [ 16 , 17 ]. The multisystem inflammatory syn- 

rome in children (MIS-C) as a result of SARS-CoV2 infection may 

lso increase, alarmingly, the risk of coagulopathy in the pediatric 

opulation [18] . In this review, we will summarize a number of 

echanisms at the molecular/cellular level by which SARS-CoV2 

nfection may cause thrombosis. Also, we will review the current 

harmacotherapy and professional association guidance on preven- 

ion and treatment of thromboembolism associated with COVID-19. 

. COVID-19 downregulating ACE2; respiratory or vascular 

isease 

SARS-CoV2 attaches to human cells through binding of its spike 

rotein (S-protein) to the human angiotensin converting enzyme 2 

ACE2) receptor [19] . Interestingly, ACE2 expression is found to be 

igher in the ciliated cells of the nose compared to bronchi indi- 

ating that the nose is most likely the initial site of viral entry [20] .

owever, ACE2 is not only expressed in nasopharyngeal and lung 

ells but also in blood vessels, heart, kidney, testicle and brain [21] . 

n fact, this carboxypeptidase, ACE2, was first cloned from human 

eart and found to be highly expressed throughout the endothelia 

f coronary and renal blood vessels [22] . This may suggest impor- 

ant biological functions of ACE2 in cardiovascular system. Indeed, 

 major role of ACE2 among others is to inactivate angiotensin II by 

roteolytically converting it to angiotensin 1-7 (reviewed in [23] ). 

his thus places ACE2 in a critical position as a negative regulator 

f the renin-angiotensin-aldosterone system (RAAS). 

https://doi.org/10.1016/j.tcm.2020.12.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/tcm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tcm.2020.12.004&domain=pdf
mailto:mali@binghamton.edu
https://doi.org/10.1016/j.tcm.2020.12.004
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Fig. 1. Dysregulated renin angiotensin aldosterone system in COVID-19. SARS-CoV2 has higher affinity to ACE2 receptor compared to other coronaviruses. ACE2 is a car- 

boxypeptidase that converts angiotensin II (Ang II) to angiotensin 1-7. The binding between the spike protein (S-protein) of the virus and ACE2 is associated with downreg- 

ulation of ACE2 activity. In its turn, this will lead to augmentation of Ang II signaling and pro-thrombotic pathways. On the other hand, the angiotensin 1-7 signaling which 

mediates anti-thrombotic pathways is diminished. 
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Many reports indicate that SARS-CoV2 entry is associated with 

ownregulating ACE2 activity (reviewed in [24] ), suggesting that 

AAS may be augmented in COVID-19 patients ( Fig. 1 ). Consis- 

ently, two clinical trials using angiotensin II receptor (AT 1 ) blocker 

losartan) to ameliorate COVID-19 related complications are under- 

ay (clinicaltrials.gov NCT04312009 and NCT04311177). The higher 

ffinity of SARS-CoV2 to human ACE2 compared to other coron- 

viruses [25] , and the downregulation of ACE2 in COVID-19 may 

xplain the peculiar cardiovascular manifestations seen in vulnera- 

le patients [26] . On the other hand, ACE2 expression may be up- 

egulated in patients taking ACE inhibitors or AT 1 blockers [ 27 , 28 ],

hus raising the concern of facilitating SARS-Cov2 entry in these 

atients. However, the BRACE CORONA trial has provided clinical 

ata showing that there is no clinical benefit in routinely with- 

olding these agents in hospitalized patients with mild to moder- 

te infection [ 29 , 30 ]. 

Intriguingly, some COVID-19 patients presented with throm- 

otic events had no or mild respiratory symptoms [ 6 , 26 ]. These

ardiovascular sequalae led some experts to consider COVID-19, 

ven in the absence of respiratory symptoms, in the differential 

iagnosis of thromboembolism and acute coronary syndrome [31] . 

. Potential mechanisms of COVID-19 induced thrombosis 

The strong association between COVID-19 and vascular coagu- 

opathy may suggest that there are multiple molecular pathways 

hat are dysregulated during the clinical progression of the dis- 

ases and thus contributing to the associated thrombosis. Clearly 

AAS augmentation, as a consequence of ACE2 downregulation, 

s an important factor [32] . In addition, the dysregulated im- 

une/inflammatory response is a well-studied risk factor for blood 

oagulation [33] . One cannot rule out a “double whammy” ef- 

ect in which both factors may additively or synergistically in- 

rease thrombosis risk in COVID-19 patients. Below we will sum- 

arize some potential mechanisms that may explain the associa- 

ion between COVID-19 and coagulopathy at molecular/cellular lev- 

ls. However, more investigations are warranted in order to exploit 

hese findings in therapeutics. 
144 
.1. Dysregulated renin-angiotensin-aldosterone system and the role 

f ACE2 

As described above, ACE2 converts angiotensin II to angiotensin 

-7. SARS-CoV2 uses ACE2 to internalize human cells and thus may 

ead to reduce ACE2 activity [24] . Consequently, this will result in 

ncreased angiotensin II and decreased angiotensin 1-7. It is worth 

oting that whereas angiotensin II has pro-inflammatory and pro- 

hrombotic effects, angiotensin 1-7 is now recognized as an impor- 

ant anti-inflammatory and anti-thrombotic peptide [ 34 , 35 ]. An- 

iotensin 1-7 binds Mas receptors on endothelium and increases 

itric oxide and prostacyclin production, thus inhibits platelets ac- 

ivation [36] ( Fig. 1 ). It has been shown that ACE2 is widely ex-

ressed on endothelial cells and direct SARS-CoV2 infection of en- 

othelia is possible [37] . Therefore, dysregulated RAAS in vascula- 

ure of COVID-19 patients may initiate a cascade of events that lead 

o increased coagulopathy, as summarized below. 

.1.1. Oxidative stress damage 

In addition to its immediate physiological effect in vasoconstric- 

ion, angiotensin II has been shown to be a potent mediator of 

xidative stress damage through rapid generation of reactive oxy- 

en species mediated by NADPH oxidases (reviewed in [35] ). On 

he other hand, angiotensin 1–7 may play a pivotal antioxidant 

ole by induction of nitric oxide synthesis/release from endothe- 

ial cells [36] . Both accumulation of reactive oxygen species and 

eficiency of nitric oxide are expected to have various detrimental 

ffects on endothelium. Despite limited clinical data in COVID-19, 

xidative stress damage to the infected endothelium may play a 

ey role in severe SARS-CoV2 infection. Vitamin C, a potent an- 

ioxidant, has emerged as a potential therapy due to its potential 

enefits in COVID-19 [38] . However, the evidence whether these 

enefits are directly related to vitamin C antioxidant properties or 

ther undefined mechanisms is still lacking. 

.1.2. Endothelial dysfunction 

Dysregulated RAAS can not only cause endothelial damage via 

xidative stress as described above, but also through various path- 

ays including overexpression of LOX-1, COX-2 and VEGF in the 
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ndothelium (just to name a few) [39] . There is a strong rela- 

ionship between endothelial dysfunction and thrombotic events 

n various pathologies (reviewed in [40] . The glycocalyx in healthy 

ndothelium plays an important role in preventing the clotting 

ascades and glycocalyx degradation, seen in endothelial dysfunc- 

ion, may trigger various clotting cascades [41] . Endothelial dys- 

unction is also associated with endothelial expression of many 

rothrombotic molecules and receptors including P-selectins [42] , 

ngiopoietin-2 [43] and endothelin-1 [44] , which are active players 

n thrombosis. In addition, several studies suggest that endothelial 

amage/dysfunction is a critical component of thrombin genera- 

ion and activation via the release of the procoagulant factor, fVIII 

45–47] . 

Ackerman et al., examined lungs from COVID-19 and influenza 

 patients who died from associated ARDS [48] . This comparison 

evealed very interesting findings and showed distinctive vascu- 

ar features between SARS-CoV2 and influenza H1N1 infections. 

OVID-19 lungs displayed more severe endothelial damage and 

isrupted endothelial membranes in comparison to those from in- 

uenza. Histological analyses of blood vessels showed widespread 

hrombosis and microangiopathy. Despite ARDS was the common 

ause of death in both groups, angiogenesis and alveolar capillary 

icrothrombi in COVID-19 were 3 to 9 times as prevalent as in 

nfluenza, respectively [48] . Moreover, epidemiological data show 

hat COVID-19 patients with conditions associated with preexisting 

ndothelial dysfunction such as aging, hypertension, obesity and 

iabetes are more frequently admitted to intensive care units and 

ave poor prognosis [49] . These observations strongly suggest that 

ndothelial dysfunction and subsequent activation of the clotting 

ascade are more common to the pathogenesis of COVID-19. 

.1.3. Activation of von Willebrand factor 

Endothelial damage, in general, seems to contribute to the 

athophysiology of COVID-19. This may also suggest a potential 

ole of von Willebrand Factor (vWF) in COVID-19 associated co- 

gulopathy. In addition to being in plasma, vWF is deposited on 

ubendothelial spaces where it is associated with type VI col- 

agen [50] . Upon endothelial damage, subendothelial vWF is re- 

eased, further multimerized by disulfide bonds and activated by 

xposing both platelet-binding and collagen-binding domains [43] . 

herefore, active vWF multimers act as molecular glues that stick 

latelets and subendothelial collagens together, activating platelets 

ggregation and thrombosis. 

In a single-center cross-sectional study, vWF antigen and ac- 

ivity were found to be three times higher in non- intensive 

are unit (ICU) COVID-19 patients compared to control group [51] . 

n ICU COVID-19 patients, vWF concentration/activity were fur- 

her elevated in comparison to non-ICU cohort. Soluble throm- 

omodulin concentrations, another marker of endothelial dam- 

ge, were also found to be associated with poor clinical out- 

omes and survival [51] . Despite some limitations, this study 

eports that vWF is also elevated in non-critically ill patients 

ith COVID-19. Consequently, both critically and non-critically ill 

atients with COVID-19 may have higher thromboembolic risks 

 52 , 53 ]. The roles of dysregulated RAAS and vWF in COVID-19 as-

ociated thrombosis open potential therapeutic avenues for agents 

hat interfere with this pathway. For example, N-acetylcysteine 

s reported to reduce intrachain disulfide bonds in large vWF 

ultimers inside thrombi, thereby leading to their dissolution 

54] . In fact, searching clinicaltrials.gov revealed three recruit- 

ng (NCT04374461, NCT04370288, NCT04279197) and two not-yet 

ecruiting (NCT04455243, NCT04419025) clinical trials using N- 

cetylcysteine as a potential therapy to improve COVID-19 out- 

omes. Future will tell whether N-acetylcysteine is effective in im- 

roving COVID-19 outcomes by reducing the risk of thrombosis. 
145 
.2. Dysregulated immune response 

The immune response to SARS-CoV2 infection has not been 

ully understood. Several studies highlight changes in both innate 

nd adaptive immunity in COVID-19 patients (reviewed in [55] ). In 

evere cases, dysregulated innate immune response and the sub- 

equent massive release of pro-inflammatory cytokines “cytokine 

torm” clearly participate in the pathogenesis of the disease. In its 

urn, dysregulated innate immune response results in subsequent 

ctivation of various pathways “immunothrombosis” that may lead 

o blood coagulation ( Fig. 2 ). Below we will summarize some of 

hese pathways that have been described in COVID-19. 

.2.1. Role of complement system 

The complement system is an integral part of the innate im- 

une response. In SARS-CoV1 murine model, a study reported in- 

reased complement activation and found that mice lacking the 

omplement factor C3 exhibited less respiratory inflammation and 

etter function [56] . Similar findings were also reported in mice 

nfected with the Middle East Respiratory Syndrome Coronavirus 

MERS-CoV) [57] . Despite lacking experimental data in SARS-CoV2, 

he previous studies suggest that excessive complement activation 

ontributes to the dysregulated immune response seen in coron- 

viruses infection. 

There is mounting evidence of a crosstalk between the comple- 

ent system and coagulation pathways. Atypical hemolytic uremic 

yndrome, a rare genetic disorder of uncontrolled complement ac- 

ivation, is also characterized by thrombotic microangiopathy [58] . 

n fact, the complement system is capable of activating coagula- 

ion cascades through multiple mechanisms. The complement fac- 

ors C3 and MAC directly activate platelets and induce platelet ag- 

regation [59] . Similarly, complement factor C5a has been shown 

o stimulate the expression of plasminogen activator inhibitor-1, 

hereby promoting thrombosis [60] . Interestingly, plasminogen ac- 

ivator inhibitor-1 was found to be elevated in both non-critically 

nd critically ill patients with COVID-19 [51] . Last but not least, 

5a increases tissue factor activity, which initiates the intrinsic 

athway of coagulation [61] . In a preprint report of an ongoing 

tudy, COVID-19 patients with ARDS began to recover after treat- 

ent with recombinant anti-C5a antibody [62] . These observations 

uggest that further studies are warranted to investigate whether 

omplement activation is involved in COVID-19 associated throm- 

osis. Accordingly, complement inhibition could be a potential tar- 

et in COVID-19 treatment. 

.2.2. Neutrophil extracellular traps (NETs) 

Neutrophils are crucial players in innate immune response. One 

f their recently discovered and yet not fully understood function 

s releasing neutrophil extracellular traps (NETs) in response to in- 

ection [63] . These structures comprise of extracellular scaffold of 

hromatin containing microcidal proteins designed to impede the 

issemination of microbes in the blood [63] . Despite being efficient 

trategy to trap and kill microorganisms, excessive NETs (NETosis) 

ormation can be harmful to the host. Several studies have impli- 

ated NETosis in various human pathologies including sepsis, vas- 

ulitis and thrombosis (reviewed in [64] ). 

The role of NETosis in inducing thrombosis is well established. 

or example, the NETs themselves contain various prothrombotic 

olecules, such as tissue factor, protein disulphide isomerase, fac- 

or XII, vWF and fibrinogen [65] . In addition, the extracellular 

NAs released from NETs can directly activate platelets and lead to 

hrombus formation [65] . Circulating histones (major components 

f NETs) were also found to activate Toll-like receptors on platelets 

nd promote thrombin generation [66] . In general, NETs tend to 

orm larger aggregates that drive thrombosis by providing a scaf- 
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Fig. 2. Dysregulated innate immune response in COVID-19. Innate immunity plays critical role as an early defense mechanism against microbial infection including SARS- 

CoV2. However, uncontrolled innate immune response elicited by overactivated neutrophils will initiate coagulopathic pathways. These pathways 

may include excessive complement activation, cytokine storm and NETosis, each of which may cause thrombosis by various mechanisms. 

f

a

m

d

c

D

c

o

p

s

D

c

1

t

p

C

r

i

m

n

C

3

J

n

l

a

t

h

w

o

t

S

I

d

[

u

[

t

b

a

r

p

C

d

m

p

t

i

old for binding of activated platelets and erythrocytes and set up 

 vicious cycle propagating thrombus formation [67] . 

One report revealed higher levels of cell-free DNA, 

yeloperoxidase-DNA complex and citrullinated histone 3 (in- 

icative markers of NETs) in sera of patients with COVID-19 as 

ompared with the control group [68] . Interestingly, cell-free 

NA and to a lesser extent myeloperoxidase-DNA complex and 

itrullinated histone 3 demonstrated significant correlation with 

ther predictive tests for the severity of COVID-19 (e.g. C-reactive 

rotein, D-dimer). Patients requiring mechanical ventilation had 

ignificantly higher levels of cell-free DNA and myeloperoxidase- 

NA complex [68] . Emerging evidence indicates that NETosis 

ontribute to increased thrombotic risks in COVID-19 [69] . COVID- 

9 sera were found to have higher levels of NETs carrying active 

issue factor and promote thrombosis. Both NETosis and com- 

lement inhibitions, in-vitro, attenuated thrombin activation by 

OVID-19 sera [69] . In addition, the same study showed that NETs 

elease is positively correlated with in-vivo, thrombotic potency 

n COVID-19 [69] . Accordingly, one can speculate that NETosis is a 

ajor driver of COVID-19 thrombosis; however, future studies are 

eeded to investigate the effects of NETs inhibition in improving 

OVID-19 outcomes. 

.2.3. Mitogen-activated protein kinases (MAPKs) pathways 

The mitogen-activated protein kinases (MAPKs; ERK, p38 and 

NK) are considered central kinases which are early activated in in- 
146 
ate immune response. MAPKs activation, likely mediated by Toll- 

ike receptors signaling, induces expression of multiple genes that 

ltogether regulate the innate and inflammatory response [70] . Fur- 

hermore, the roles of MAPKs in coronaviruses replication/infection 

ave been elucidated. In vitro, SARS-CoV1 infection was associated 

ith activation of multiple MAPKs pathways [71] and inhibition 

f MAPKs has been shown to inhibit murine coronavirus replica- 

ion [72] . Given the similarities between those coronaviruses and 

ARS-CoV2, it is possible that MAPKs are activated in COVID-19. 

t is worth noting that MAPKs can also be activated in COVID-19 

ownstream of dysregulated RAAS as a result of ACE2 inhibition 

73] . On the other hand, MAPKs pathways are significantly upreg- 

lated in various cardiovascular pathologies including thrombosis 

74] . For example, activation of p38 signaling induces expression of 

issue factor, a major initiator of coagulation, and mediates throm- 

otic events in anti-phospholipid syndrome [75] . Therefore, chronic 

ctivation of MAPKs pathways may also contribute to elevating the 

isk of thrombosis, seen in COVID-19. 

In summary, there seem to be numerous molecular/cellular 

athways potentially explaining the high risk of thrombosis in 

OVID-19. In this review, we classified some of these pathways un- 

er two main categories; dysregulated RAAS and dysregulated im- 

une response. However, it is important to emphasize that patho- 

hysiologic mechanisms of COVID-19 induced thrombosis are of- 

en intermingled with multiple crosstalks between pathways dur- 

ng clinical progression of the disease. Future studies will re- 



M.A.M. Ali and S.A. Spinler Trends in Cardiovascular Medicine 31 (2021) 143–160 

v

t

C

4

m

i

p

e

n

6

a

T

b

w

C

[

s

t

f  

s

s

t

r

b

[

d

c

p

s

r  

I

1

f  

s

r

d

t

t

a

T

o

p

h

[

h

r

a  

8

1

i

[

t

C

t

f

p

s  

t

p

p

5

l

h

t

s

i

e

o

l

t

s

h

c

h

C

a

r

a

f

S

t

h

g

t

c

6

p

p

i

p

u

t

w

o

s

C

w

V

D

l

D

i

a

a

o

s

d

l

t

l

7

t

m

o

u

m

eal whether one or more of these pathways can be exploited as 

herapeutic targets to improve thrombotic status in patients with 

OVID-19. 

. Clinical aspects of COVID-19 induced coagulopathy 

Clinically, evidence of inflammation and coagulopathy is com- 

only observed in patients infected with SARS-CoV2. Pro- 

nflammatory cytokines, including IL-6 and IL-8, are elevated in 

atients with COVID-19. Rapidly elevating D-dimer levels and el- 

vated fibrinogen degradation products are observed, especially in 

on- survivors [8] . Also, patients with D-Dimer levels of more than 

 times the upper limit of normal experienced higher mortality in 

 recent study of almost 500 Chinese patients with COVID-19 [76] . 

hese patients may also have evidence of antiphospholipid anti- 

odies, prolonged activated partial thromboplastin time (aPTT), as 

ell as mild prolongation of the prothrombin time (PT) [77] . 

Up to 70% of the most severely ill patients with SARS- 

oV2 have features of disseminated intravascular coagulation (DIC) 

 78 , 79 ]. Unlike sepsis-associated DIC, patients with COVID-19 as- 

ociated DIC have relatively mild thrombocytopenia (100 × 10 9 /L 

o 150 × 10 9 /L) and would usually not meet classic ISTH criteria 

or DIC [79] . In addition, the levels of IL-6 seen in patients with

evere COVID-19 are more than five times higher than those ob- 

erved in bacterial sepsis [80] . Thrombotic microangiopathy, par- 

icularly in the lungs, has also been observed [79] . Renal and neu- 

ological dysfunction associated with SARS-CoV2 infection has also 

een postulated to be caused by microvascular thrombotic injury 

79] . Finally, as discussed above, there is evidence for direct en- 

othelial damage by the virus with cytokine production, release of 

ytoplasmic vWF, tissue-type plasminogen activator and urokinase 

lasminogen activator. Plasmin activation may partially explain the 

yndrome resulting elevated D-Dimer levels [ 79 , 81 ]. 

Despite administration of anticoagulant prophylaxis, reported 

ates of VTE are high - 25% to 69% in critically ill patients in the

CU with COVID-19 and 7% in general medical floor patients [8- 

2] . The reported incidence of pulmonary embolism (PE) varies 

rom 2.8% to as high as 21% to 23% [ 8 , 9 , 12 ]. A prospective cohort

tudy of 12 consecutive autopsies performed in COVID-19 deaths 

evealed bilateral DVT in 7 of 12 with 4 of those patients also 

emonstrating massive PE as the cause of death [1] . A second au- 

opsy study of 11 randomly selected patients reported segmen- 

al and/or subsegmental thrombosis of the pulmonary arteries in 

ll patients despite 10 of the 11 receiving VTE prophylaxis [82] . 

hrombosis was not the originally suspected cause of death in any 

f the patients. Asymptomatic deep vein thrombosis (DVT) was re- 

orted to be as high as 85% in critically ill patients and 46% of 

ospitalized medical patients who underwent ultrasound screening 

11] . The high rate of VTE, especially PE, is consistent with what 

as been observed in critically ill patients with severe acute respi- 

atory or pneumonia associated with other respiratory viruses such 

s H1N1 [ 10 , 83 ]. A recent systematic review and meta-analysis of

6 studies reporting VTE risk in hospitalized patients with COVID- 

9 reported a VTE prevalence of 7.9% in non-ICU patients and 22.7% 

n ICU patients with a PE prevalence of 3.5% and 13.7%, respectively 

84] . However, at the time of this writing, no data are available on 

he incidence of VTE in non-hospitalized patients with less severe 

OVID-19 disease. 

While the data on VTE are quite robust, evidence is evolving on 

he risk of arterial thromboembolism with COVID-19 infection. The 

requency of acute ischemic stroke and myocardial infarction ap- 

ears to be much smaller than the risk of VTE, although not incon- 

equential [ 85 , 86 ]. At this time, there are no guidelines supporting

he use of aspirin for prophylaxis of arterial thromboembolism in 

atients with COVID-19 [87] although studies with antiplatelets are 

lanned or ongoing (clinicaltrials.gov NCT04365309). 
147 
. Pharmacologic rationale for heparins in treating COVID-19 

In addition to its anticoagulant properties, heparins have a 

ong-established history of anti-inflammatory activity. Heparins 

ave demonstrated reductions in IL-6 and IL-8, as well as a reduc- 

ion in human pulmonary microvascular endothelial cell damage 

econdary to lipopolysaccharide induced nuclear factor κB signal- 

ng involved in sepsis [81] . Heparin inhibits neutrophil chemotaxis, 

osinophil migration, blockade of extracellular histones, and one 

f the early key steps in sepsis, adhesion of leukocytes to endothe- 

ium [88] . 

There is emerging evidence of heparin’s role in reducing infec- 

ivity of SARS-COV2. Compared to SARS-CoV1, SARS-CoV2 demon- 

trates potential binding domains with glycosoaminoglycans, like 

eparan sulfate located on the surface of almost all mammalian 

ells, in addition to ACE2. Being a sulfated polysaccharide, heparin 

as high binding affinity to the spike protein (S-protein) of SARS- 

oV2 in vitro. Therefore, heparins have the potential to serve as 

 decoy to prevent the virus from binding to heparan sulfate co- 

eceptors in host tissues [89] . Recently both unfractionated hep- 

rin (UFH) and low-molecular-weight heparins (LMWH) have been 

ound to bind to and destabilize the receptor binding domain of 

ARS-Cov2 spike protein and directly inhibit spike protein binding 

o the ACE2 receptor at therapeutic concentrations [90] . Because 

eparins have poor oral bioavailability [91] , UFH is being investi- 

ated both as a nebulized treatment in mechanically ventilated pa- 

ients with COVID-19 and as a prophylactic intranasal spray (clini- 

altrials.gov NCT04490239 & NCT04397510). 

. Venous thromboembolism risk assessment in hospitalized 

atients with COVID-19 

Numerous governmental and professional associations have 

ublished guidance for screening, prevention and treatment of VTE 

n hospitalized patients with COVID-19 ( Table 1 [92–95] ). Typically, 

atients hospitalized with medical illness would be risk-stratified 

sing tools like the PADUA or IMPROVE risk assessment model, and 

hose estimated at higher risk for VTE and low risk for bleeding 

ould receive prophylaxis with standard dose subcutaneous UFH 

r LMWH according to published guidelines. Because observational 

tudies have shown high risk for VTE in hospitalized patients with 

OVID-19, most of the available guidelines suggest that all patients 

ho are not at high risk for bleeding, receive an anticoagulant for 

TE prophylaxis. Routine screening for lower extremity VTE with 

oppler ultrasound, is not recommended. Clinicians should use a 

ow threshold such as worsening oxygenation and rapidly rising D- 

imer, for ordering an appropriate available diagnostic study and 

nitiate therapeutic anticoagulation, however, if PE suspected. 

Guidelines from the National Institutes of Health (NIH), Antico- 

gulation Forum (AC Forum), International Society of Thrombosis 

nd Haemostasis (ISTH), and Global COVID-19 Thrombosis Collab- 

rative Group, suggest that an elevated D-dimer may be used to 

tratify which patients could potentially receive higher than stan- 

ard dose anticoagulant prophylaxis but acknowledge that data are 

acking [92–94] . However, the CHEST guidelines specifically state 

hat a D-dimer not to be used to guide the intensity of anticoagu- 

ation [95] . 

. Clinical trials of heparins for prophylaxis of venous 

hromboembolism 

Heparins have proven effective for both prophylaxis and treat- 

ent of VTE in patients hospitalized with acute illness. Because 

f the high risk of thromboembolic complications and heparin’s 

nique pharmacology demonstrating a reduction in both inflam- 

ation and coagulation markers in COVID-19, heparins are be- 
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Table 1 

Summary of Published Guidance on Prophylaxis and Treatment of Venous Thromboembolism in Patients with COVID-19 

Guidance 

NIH https://www. 

covid19treatmentguidelines.nih. 

gov/adjunctive-therapy/ 

antithrombotic-therapy/ 

ASH https: 

//www.hematology.org/ 

covid-19/covid-19-and-vte- 

anticoagulation AC Forum [92] 

Global COVID-19 

Thrombosis Collaborative 

Group [93] ISTH [94] CHEST [95] 

Diagnosis in Hospitalized Patients: 

Recommend routine 

screening of asymptomatic 

patients using bedside 

Doppler US 

No recommendation No recommendation No recommendation Cannot be recommended 

at this time 

Recommend against 

routine screening 

Recommend against 

routine screening 

D-Dimer recommended in 

asymptomatic (for VTE) 

patients 

Yes but data lacking to guide 

management decisions 

No Yes but use to determine 

anticoagulation prophylaxis 

intensification has not been 

proven 

Yes, but for prophylaxis 

risk stratification only 

Yes, but for prophylaxis 

risk stratification only 

Recommend against using 

D-dimer to guide intensity 

of anticoagulation 

VTE Prophylaxis: 

VTE risk stratification to 

determine if prophylaxis is 

indicated? 

No, VTE prophylaxis indicated 

for all hospitalized patients 

with COVID-19 

No, VTE prophylaxis 

indicated for all 

hospitalized patients with 

COVID-19 

No, prophylaxis indicated in 

all hospitalized patients with 

COVID-19 

Yes No, VTE prophylaxis 

indicated for all 

hospitalized patients with 

COVID-19 

No, prophylaxis indicated 

for all hospitalized 

patients with COVID-19 

LMWH recommended over 

UFH (or DOAC) in 

hospitalized patients 

No Yes No, Recommend following 

existing societal guideline for 

medical and surgical 

prophylaxis 

No, consider benefits and 

risks of each class 

No Yes 

Recommended agents LMWH or UFH Prophylactic dose LMWH 

(hold if platelet counts are 

less than 25 × 10 9 /L, or 

fibrinogen less than 0.5 

g/L) Fondaparinux if 

history of HIT Encourage 

participation in clinical 

trials of therapeutic 

anticoagulation Abnormal 

baseline PT or aPTT is not 

a contraindication to 

anticoagulant 

For non-critically ill 

hospitalized patients 

recommend standard dose 

prophylaxis anticoagulation 

For critically ill patients 

recommend increased doses of 

VTE prophylaxis (e.g. 

enoxaparin 40 mg subcut 

twice daily, enoxaparin 0.5 

mg/kg subcut twice daily, UFH 

7500 units subcut three times 

daily 

For non-hospitalized 

patients, recommend 

increased mobility; can 

consider anticoagulant 

prophylaxis for those with 

limited mobility, history of 

prior VTE or active 

malignancy No specific 

agents recommended over 

others in hospitalized 

patients 

Enoxaparin 40-60 mg 

subcut daily Enoxaparin 

0.5 mg twice daily or IV 

UFH targeted to anti-factor 

Xa level 0.30-0.70 (for 

very high risk including 

elevated D-Dimer) Obese 

patients considered for 

50% increased dose (BMI > 

30kg/m 

2 ) UFH for CrCl < 

30 mL/min 

Recommend against 

DOACs Recommend 

against antiplatelet agents 

In hospitalized patients 

recommend LMWH or 

fondaparinux In critically 

ill hospitalized patients 

recommend LMWH over 

UFH or fondaparinux 

Standard dose prophylaxis 

recommended over 

intermediate or full 

intensity dosing 

Nonpharmacologic VTE 

prophylaxis 

No recommendation IPC if anticoagulation 

contraindicated 

Combination of IPC plus 

anticoagulation generally 

not recommended 

IPC if anticoagulation 

contraindicated Reasonable to 

employ prophylaxis 

anticoagulant plus IPC in 

critically ill patients 

‘ Can consider IPC plus 

anticoagulant for high-risk 

patients 

Recommend IPC for 

patient with 

contraindication to 

anticoagulant prophylaxis 

Recommend against the 

addition of IPC to 

anticoagulant prophylaxis 

in critically ill 

Therapeutic intensity 

anticoagulation an option 

in very high risk patients? 

No data for or against, 

recommend participation in 

clinical trials 

No, participation in 

clinical trials preferred 

Yes Insufficient data at this 

time to consider routine 

therapeutic or 

intermediate-dose 

prophylaxis UFH or LMWH 

Yes No, recommend against 

Consider extended 

duration VTE prophylaxis? 

Routine use not recommended 

Rivaroxaban 10 mg daily for 

31 to 39 days is approved by 

the FDA for high-risk patients 

without COVID-19 

Yes Reasonable to consider on a 

case-by-case basis for patients 

who are at low bleed risk and 

were previously admitted to 

ICU, intubated and 

sedated/paralyzed for multiple 

days or who have ongoing VTE 

risk factors at the time of 

hospital discharge (e.g. 

decreased mobility) 

Recommend rivaroxaban 31-39 

days or enoxaparin 6-14 days 

In hospitalized patients: 

reasonable to consider 

individualized risk 

stratification (e.g. reduced 

mobility, prior VTE, active 

cancer, D-dimer > 2 times 

the upper limit of normal) 

for extended prophylaxis 

for up to 45 days LMWH 

or DOACs preferred 

Yes, consider for all 

patients meeting high VTE 

risk criteria Duration 

14-30 days LMWH or 

DOAC (rivaroxaban) 

No, recommend inpatient 

only 

( continued on next page ) 

1
4

8
 

https://www.covid19treatmentguidelines.nih.gov/adjunctive-therapy/antithrombotic-therapy/
https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation
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Table 1 ( continued ) 

Guidance NIH https://www. 

covid19treatmentguidelines.nih. 

gov/adjunctive-therapy/ 

antithrombotic-therapy/ 

ASH https: 

//www.hematology.org/ 

covid-19/covid-19-and-vte- 

anticoagulation 

AC Forum [92] Global COVID-19 

Thrombosis Collaborative 

Group [93] 

ISTH [94] CHEST [95] 

VTE Treatment 

Recommended agents Manage as per standard of 

care for patients without 

COVID-19 

LMWH or UFH preferred 

in hospitalized patients 

Follow ASH 2018 

Treatment Guidelines 

Check for DOAC drug 

interactions: https: 

//covid19-druginteractions. 

org/ 

LMWH over UFH (use of 

DOACs not addressed) 

Recommend against adjusting 

LMWH dose with anti-Xa 

levels Recommend UFH over 

LMWH for CrCl < 15-30 

mL/min Check for DOAC drug 

interactions: https:// 

covid19-druginteractions.org/ 

LMWH or UFH for 

hospitalized patients 

LMWH or DOAC for 

patients ready for hospital 

discharge 

LMWH preferred in 

hospitalized patients and 

DOAC post-hospital 

discharge 

Initial parenteral 

anticoagulation with 

LMWH over UFH and 

DOACs If no drug 

interactions, initial 

apixaban or rivaroxaban 

can be used After initial 

parenteral anticoagulation, 

dabigatran, edoxaban or 

VKA (with overlap) can be 

used If outpatient 

diagnosis, DOAC (initial 

apixaban or rivaroxaban or 

initial LMWH followed by 

dabigatran or edoxaban or 

VKA plus parenteral 

overlap) In patients with 

recurrent VTE despite 

adherent to oral 

anticoagulation, 

recommend switch to 

LMWH 

Minimum duration of VTE 

treatment 

Manage as per standard of 

care for patients without 

COVID-19 

3 months Follow ASH 

2018 Treatment Guidelines 

3 months No recommendation 3 months 3 months 

ASH, American Society of Hematology; BMI, body mass index; CrCl, creatinine clearance; DOAC, direct acting oral anticoagulant; ICU, intensive care unit; LMWH, low-molecular-weight heparin; subcut, subcutaneously; 

UFH, unfractionated heparin; US, ultrasound; VKA, vitamin K antagonist; VTE, venous thromboembolism. 

1
4

9
 

https://www.covid19treatmentguidelines.nih.gov/adjunctive-therapy/antithrombotic-therapy/
https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation
https://covid19-druginteractions.org/
https://covid19-druginteractions.org/
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ng studied for additional clinical endpoints of reduction in hospi- 

alizations, progression to non-invasive mechanical ventilation, as 

ell as mortality. Some, but not all, recently reported retrospective 

ohort studies, suggest an in-hospital mortality benefit for both 

FH and LMWH administered at both prophylaxis and therapeutic 

reatment doses, especially in patients with more severe COVID-19 

s evidenced by elevated D-dimer or need for mechanical ventila- 

ion [ 76 , 96–103 ] (Summarized in Table 2 ). 

In the few studies that have reported the frequency of major 

leeding, results are mixed with two studies reporting no differ- 

nce in major bleeding between therapeutic anticoagulation and 

rophylactic anticoagulation and one study reporting an increased 

isk of major bleeding [ 96 , 98 , 99 , 101 ]. Because the data reported

n these studies are limited with some lacking details regarding 

eparin type, dose, the reason treatment versus prophylaxis dos- 

ng was selected, as well as the potential for confounding, random- 

zed prospective trials are needed. As discussed below, many hos- 

ital guidelines and practice guidelines have already been modified 

o include therapeutic anticoagulation options as a result of these 

arly reports. 

There are numerous ongoing or planned clinical trials eval- 

ating dosing strategies for UFH and LMWH for preventing 

omplications from COVID-19 (clinicaltrials.gov NCT04400799, 

CT04492254, NCT04427098, NCT04408235, NCT04401293, 

CT04372589, NCT04505774, NCT04344756, NCT04377997, 

CT04373707, NCT04486508, NCT04409834, NCT04394377, 

CT04362085, NCT04420299, NCT04512079, NCT04345848, 

CT04508023, NCT04498273, NCT04360824, NCT04372589) 

summarized in Table 3). Trial endpoints include progression 

o ventilation, ICU admission, ventilated/ICU days, and major 

leeding, in addition to reduction in both symptomatic venous 

nd arterial thrombosis. All-cause mortality is either part of a 

omposite primary endpoint or a secondary endpoint in the larger 

ulticenter studies. Most comparative studies are evaluating 

ither intermediate fixed doses or therapeutic treatment doses of 

MWH compared to standard prophylaxis doses in hospitalized 

atients. While most studies prefer administration of LMWH, 

FH is also being permitted in patients with significant renal 

ysfunction where dosing of LMWH is less well-studied and drug 

ccumulation is a concern. Some are requiring evidence of coag- 

lopathy including elevated D-dimer values at least 2 to 3 times 

he upper limit of the normal range. Two studies, OVID and ETHIC, 

re enrolling never hospitalized serologically positive patients 

nd testing whether administration of standard or weight-based 

rophylaxis dose enoxaparin for 14 to 21 days prevents hospital- 

zation (clinicaltrials.gov NCT04400799, NCT04492254). There are 

dditional ongoing single center studies not included in Table 3 . 

. Current practice guideline recommendations for prophylaxis 

nd treatment of venous thromboembolism in patients with 

OVID-19 

When selecting an agent for prophylaxis some, but not all 

uidelines listed in Table 1 recommend LMWH over UFH primar- 

ly to decrease the number of injections and risk of healthcare 

rovider exposure. UFH is recommended over LMWH for patients 

ith severe renal insufficiency. A direct oral anticoagulant (DOAC) 

s not recommended for VTE prophylaxis secondary to the poten- 

ial for drug interactions and longer half-lives which may make 

emostasis following surgery or invasive procedures difficult to 

anage. Most guidelines recommend standard doses of anticoag- 

lant prophylaxis for non-critically ill hospitalized patients with 

onsideration of intermediate doses for obese patients and criti- 

ally ill patients. Two guidelines, those from the AC Forum and 

STH, give an option for using therapeutic anticoagulation in the 

ighest risk patients [ 92 , 94 ]. Fondaparinux is recommended in pa- 
150 
ients with a history of or suspected heparin-induced thrombo- 

ytopenia. If an anticoagulant is contraindicated, prophylaxis with 

ntermittent pneumatic compression (IPC) is recommended. There 

re mixed recommendations regarding the addition of IPC to anti- 

oagulant prophylaxis for high-risk patients [ 92 , 94 ]. 

Only one guideline, the Global COVID-19 Thrombosis Collabo- 

ative Group, addresses non-hospitalized patients with COVID-19, 

ecommending increased mobility with a consideration for anti- 

oagulant prophylaxis for those with limited mobility, history of 

TE or active malignancy [93] . Routine post-hospital discharge pro- 

hylaxis is not recommended by the NIH or CHEST [95] . However, 

he NIH, American Society of Hematology (ASH), AC Forum, Global 

OVID-19 Thrombosis Collaborative Group and ISTH suggest indi- 

idualized patient decision making based on continued VTE risk, 

uch as those who were hospitalized in the ICU [ 92 , 93 ]. When in-

icated, the guidelines recommend either enoxaparin or rivaroxa- 

an for a duration of 14 to 45 days post-discharge. 

For treatment of VTE in hospitalized patients with COVID-19 

ost of guidelines suggest parenteral anticoagulation with switch 

o a DOAC (assuming no drug interactions) as the patient transi- 

ions to the outpatient setting [92–94] . When using UFH in ther- 

peutic doses, the guidelines suggest monitoring anti-Xa levels 

ather than an aPTT as prolonged aPTT with elevated levels of fac- 

or VIII and positive lupus anticoagulants is common [104] . 

. Examples of institutional protocols 

Given the data reporting a higher incidence of VTE in patients 

ospitalized with COVID-19, especially with severe disease being 

reated in the ICU and a lack of randomized controlled trials 

valuating intermediate- and therapeutic treatment LMWH and 

FH, several health systems have updated their institutional 

ecommendations to recommend higher dosing. For example, 

righam and Women’s Hospital recommends standard treat- 

ent with enoxaparin 40 mg subcutaneous daily (UFH 50 0 0 

nits subcutaneous three times daily for CrCl < 30 mL/min) 

or VTE prophylaxis in non-ICU hospitalized patients with CrCl 

30 mL/min weighing less than 120 kg. For patients in ICU and 

ost-ICU, higher doses for these patients are recommended –

noxaparin 40 mg subcutaneous twice daily (UFH 7500 units 

ubcutaneous three times daily) ( https://covidprotocols.herokuapp. 

om/pdf/Covid-19%20Drugs&Treatment%20Guide%20092020.1.pdf ). 

n contrast, Yale New Haven Health System recommends prophy- 

axis stratified by D-Dimer with standard prophylaxis doses (plus 

ow-dose aspirin 81 mg/day unless contraindicated) for patients 

ith COVID-19 and a D-Dimer less than 5 mg/L and intermediate 

ose prophylaxis anticoagulation (enoxaparin 0.5 mg/kg subcuta- 

eous twice daily) for patients with either D-dimer ≥5 mg/L or 

eceiving convalescent plasma (in addition to aspirin 81 mg/day) 

 https://medicine.yale.edu/intmed/COVID-19%20TREATMENT% 

0ADULT _ 10.27.2020 _ 398806 _ 5 _ v1.pdf ). Neither recommend ther- 

peutic anticoagulation in patients without documented VTE. In 

ontrast, the Eastern Virginia Medical School Medical Group Criti- 

al Care COVID-19 Management Protocol recommends therapeutic 

nticoagulation with enoxaparin 1 mg/kg subcutaneous twice daily 

or patients with CrCl ≥ 30 mL/min, 1 mg/kg subcutaneous once 

aily for CrCl 15-29 mL/min and UFH for patients with CrCl < 15 

L/min ( https://www.evms.edu/media/evms _ public/departments/ 

nternal _ medicine/EVMS _ Critical _ Care _ COVID-19 _ Protocol.pdf ). 

n the Brigham and Women’s Hospital institutional guidelines, 

tandard treatment dose enoxaparin is recommended for initial 

reatment of VTE while in the Yale New Haven Health Sys- 

em guidelines either standard dose enoxaparin or a DOAC are 

ecommended. 

https://covidprotocols.herokuapp.com/pdf/Covid-19%20DrugsceTreatment%20Guide%20092020.1.pdf
https://medicine.yale.edu/intmed/COVID-19%20TREATMENT%20ADULT_10.27.2020_398806_5_v1.pdf
https://www.evms.edu/media/evms_public/departments/internal_medicine/EVMS_Critical_Care_COVID-19_Protocol.pdf
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Table 2 

Retrospective cohort studies reporting the effect of heparin on all-cause mortality in patients hospitalized with COVID-19. 

Country / Author N Patients Heparin 

Time from 

Admission to 

Administration 

Duration of 

Anticoagulation 

Treatment Mortality Bleeding 

USA /Paranjpe I et al. 

[96] 

2773 total 395 

mechanically 

ventilated 

Hospitalized 

COVID-19 

28% therapeutic treatment dose 

anticoagulation (TAC) Type, 

LMWH versus UFH, not specified 

Control: No treatment or 

prophylaxis dose anticoagulant 

Median 2 days Median 3 days Total in-hospital mortality: 

TAC: 22.5%, median 

survival 21 days No TAC: 

22.8%, median survival 14 

days Longer duration of AC 

associated with reduction 

in mortality: adjusted Cox 

proportional HR 0.86 per 

day (95% CI 0.82-0.89) 

p < 0.001 Mechanically 

ventilated subgroup 

in-hospital mortality: AC: 

29.1%, median survival 21 

days No AC: 62.7%, median 

survival 9 days 

Major bleeding: AC 3% versus 

No AC 1.9% (p = 0.2) 

China / Tang et al. 

[76] 

Total: 449 

consecutive 

patients with 

COVID-19 Severe 

COVID-19 SIC 

Score ≥ 4: 97 

(21.6%) 

Hospitalized 

COVID-19 7 days 

or longer 

UFH or LMWH for 7 days or 

longer (N = 99, 22%) Enoxaparin 

40-60 mg subcut daily N = 94 UFH 

10,000 to 15000 units per day 

N = 4 Control: N = 350 without 

heparin treatment or treated for < 

7 days 

NA NA 28-day mortality Total: 

heparin 30.3% versus no 

heparin 29.7%, p = 0.910 

Subgroup SIC score ≥ 4: 

40% heparin versus 64.2% 

no heparin, p < 0.029 

Subgroup SIC score < 4: 

29% heparin versus 22%, 

p < 0.419 D-Dimer > 3.0 

μg/mL (6 fold ULN): 32.8% 

versus 52.4%, p = 0.017 

Multivariate predictors of 

28-day mortality in severe 

COVID-19: Treating with 

heparin OR (95% CI) 1.647 

(0.929-2.2921), p = 0.088 

(Other significant 

predictors were older age, 

lower platelet count and 

higher D-dimer) 

NA 

Spain / Ayerbe L 

et al. [97] 

2075 Hospitalized 

COVID-19 

Any heparin administered at any 

time during hospitalization 

(N = 1734) versus no heparin 

(N = 285) 

NA NA Any heparin in-hospital 

mortality 242 (13.96%) 

versus no heparin 44 

(15.44%) Age- and 

gender-adjusted any 

heparin in-hospital 

mortality versus no 

heparin OR (95% CI) 0.55 

(0.37-9.82), p < 0.001 

NA 

( continued on next page ) 

1
5
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Table 2 ( continued ) 

Country / Author N Patients Heparin Time from 

Admission to 

Administration 

Duration of 

Anticoagulation 

Treatment 

Mortality Bleeding 

USA/Nadkarni GN 

et al. [98] 

4389 Hospitalized 

COVID-19 

Any heparin administered ≥ 48 

hrs versus not treated (including 

any treatment < 48 hrs); 

Therapeutic (N = 900), Prophylactic 

(N = 1959), None (N = 1530) 

NA NA Therapeutic 

anticoagulation in-hospital 

mortality 28.6% 

Prophylactic heparin 

in-hospital mortality 21.6% 

No anticoagulation 

in-hospital mortality 25.6% 

Compared to no 

anticoagulation, 

therapeutic AC associated 

with a 47% reduction in 

the adjusted hazard of 

in-hospital mortality (aHR: 

0.53; 95% CI: 0.45 to 0.62; 

p < 0.001) Compared to 

no anticoagulation, 

prophylactic 

anticoagulation associated 

with a 50% lower adjusted 

hazard of mortality (aHR: 

0.50; 95% CI: 0.45 to 0.57; 

p < 0.001) compared with 

no AC. Lower rates of 

intubation with both 

therapeutic and 

prophylactic 

anticoagulation compared 

to no anticoagulation 

On-treatment bleeding: 

Therapeutic anticoagulation 

3%, Prophylactic 

anticoagulation 1.7%, No 

anticoagulation 1.9% 

USA/Ionescu F et al. 

[101] 

127 (75 ICU) 

Patients who 

expired from 

COVID-19 

complications 

Hospitalized 

COVID-19 

Therapeutic anticoagulation 

(N = 67) No therapeutic 

anticoagulation (N = 60) 

Therapeutic anticoagulation with 

UFH 87% (adjusted by aPTT) or 

enoxaparin 3% (either 1.5 mg/kg 

subcutaneous once daily or 1 

mg/kg twice daily (or adjusted to 

1 mg/kg once daily for CrCl) or 

oral therapeutic anticoagulation 

with warfarin (3%), apixaban or 

rivaroxaban (combined 7%) 

Prophylactic anticoagulation 

(N = 47) (37%) with subcutaneous 

UFH 5000 units either twice daily 

or three times daily or enoxaparin 

either 30 mg or 40 mg 

subcutaneous once daily No 

anticoagulation (N = 13) (10%) 

Therapeutic 

anticoagulation 

initiated median 

day 6 

Hospital protocol 

defined duration of 

anticoagulation as 5 

days unless a clear 

indication or treating 

clinician choses to 

continue Median 

duration of 

therapeutic 

anticoagulation 5 

days 

Median time to death all 

patients = 9 days 

Multivariate Cox 

proportional hazards 

model: Therapeutic 

anticoagulation (HR = 0.15; 

95% CI 0.07-0.32) and 

prophylactic 

anticoagulation (HR = 0.29; 

95% CI 0.15-0.58) 

independent predictors of 

longer time to death Later 

initiation of therapeutic 

anticoagulation day 3 and 

beyond provided greater 

benefit compared to 

earlier initiation (days 1-2) 

No interaction between 

therapeutic 

anticoagulation and 

D-dimer 

Any bleeding: Therapeutic 

anticoagulation 19% versus No 

therapeutic anticoagulation 

19% (p = 0.877) ISTH Major 

Bleeding: Therapeutic 

anticoagulation 3% versus 8% 

(p = 0.18) 

Italy/Desai A et al. 575 Admitted to the 

emergency 

department and 

diagnosed with 

COVID-19 

LMWH initiated in the emergency 

department (N = 240, 42.6%) type 

and dose not specified 

NA NA Multivariate logistic 

regression: use of LMWH 

in the emergency 

department was associated 

with 60% reduction in 

mortality (OR 0.4; 95% CI 

0.2-0.6) 

NA 

( continued on next page ) 
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Table 2 ( continued ) 

Country / Author N Patients Heparin Time from 

Admission to 

Administration 

Duration of 

Anticoagulation 

Treatment 

Mortality Bleeding 

Italy/Albani 1403 Hospitalized with 

COVID-19 

Enoxaparin at some time during 

hospitalization N = 799 (57%) 

versus no enoxaparin N = 604 

(43%) Therapeutic enoxaparin 

(dose > 40 mg) N = 312) 

Prophylactic dose enoxaparin 

(dose ≤ 40 mg) N = 487 Median 

dose 40 mg [40-80] 

First dose 

administered 

median day 1 

Median duration 6 

days 

Propensity score 

-weighted multivariate 

Cox proportional hazards 

model: Enoxaparin was 

associated with a 47% 

reduction in in-hospital 

mortality (OR 0.53; 95% CI 

0.40-0.70) Sensitivity 

analysis: Therapeutic 

enoxaparin OR 0.54; 95% 

CI 0.38-0.76), Prophylactic 

dose enoxaparin OR 0.50 

(95% CI 0.36-0.69) 

Enoxaparin associated 

with reduced risk of ICU 

admission (OR 0.48; 95% 

CI 0.32-0.48) but increased 

length of hospital stay (OR 

1.45; 95% CI 1.36-1.54) 

NA 

USA/Ionescu F et al. 

[99] 

3480 (18.5% ICU) Hospitalized 

COVID-19 

Prophylactic anticoagulation 

N = 2121 (60.9%) (subcutaneous 

enoxaparin either 30mg or 40 mg 

subcutaneous once daily, 

fondaparinux 2.5 mg 

subcutaneous once daily or UFH 

5000 units subcutaneous twice or 

three times a day Therapeutic 

anticoagulation ≥ 3 days N = 998 

(28.7%) (Either UFH infusion with 

at least one therapeutic aPTT, 

enoxaparin either 1.5 mg/kg 

subcutaneous once daily, 1 mg/kg 

subcutaneous twice daily or 

adjusted by CrCl to 1 mg/kg 

subcutaneous once daily for CrCl) 

No anticoagulation N = 361 (10.4%) 

NA NA Propensity score 

-weighted multivariate 

Cox proportional hazards 

model: Compared to those 

not receiving 

anticoagulation, 

prophylactic 

anticoagulation was 

associated with a 65% 

decrease in risk of 

in-hospital mortality (HR 

0.35; 95% CI 0.22-0.54) 

and therapeutic 

anticoagulation was 

associated with an 86% 

reduction in risk of 

in-hospital mortality (HR 

0.14;95% CI 0.08-0.23) 

Major bleeding (either 

transfusion of 5 or more units 

of packed red blood cells 

within 48 hours regardless of 

hemoglobin level or 

hemoglobin < 7 g/dL and any 

red blood cell transfusions or 

a diagnosis code for major 

bleeding during 

hospitalization) Therapeutic 

anticoagulation 8.1% versus 

2.3% prophylactic 

anticoagulation versus 5.5% no 

anticoagulation (p < 0.001) ICH: 

Therapeutic anticoagulation 

1.3% versus prophylactic 

anticoagulation 0.5% versus no 

anticoaglation 1.11% (p = 0.028) 

( continued on next page ) 
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Table 2 ( continued ) 

Country / Author N Patients Heparin Time from 

Admission to 

Administration 

Duration of 

Anticoagulation 

Treatment 

Mortality Bleeding 

USA/Hsu A et al. 

[103] 

468 Severe 

COVID-19 

pneumonia 

N = 151) 

Hospitalized 

COVID-19 

Standard prophylaxis (N = 377): 

enoxaparin 40 mg subcutaneous 

once daily or UFH 5000 units 

subcutaneous twice or three times 

daily or apixaban 2.5 mg PO twice 

daily High-intensity prophylaxis 

(N = 16): enoxaparin 40 mg 

subcutaneous twice daily or UFH 

7500 units three times a day 

Therapeutic anticoagulation 

(N = 48): intravenous heparin 

infusion or enoxaparin 1 mg/kg 

twice daily, dose-adjusted 

warfarin (INR 2.0-3.0), apixaban 5 

mg PO twice daily or rivaroxaban 

20 mg PO daily No prophylaxis 

(N = 27) 

NA NA 30-day mortality: Standard 

prophylaxis 15%, 

High-intensity prophylaxis 

6% Therapeutic 

anticoagulation 40% 

Multivariable general 

linear model: 

High-intensity prophylaxis 

was associated with a 

lower 30-day mortality 

compared to standard 

dose prophylaxis (adjusted 

RR 0.26; 95% CI 0.07-0.97), 

Therapeutic 

anticoagulation was 

associated with a higher 

30-day mortality 

compared to standard 

prophylaxis (adjusted RR 

2.66; 95% CI 1.74-4.08) 

and high-intensity 

prophylaxis (p < 0.001) No 

anticoagulation was 

associated with higher 

30-day mortality 

compared to no 

anticoagulation (adjusted 

RR 1.99; 95%1.96-3.75) 

In patients with severe 

COVID-19 pneumonia: no 

difference in bleeding 

(p = 0.11) 

aPTT, activated partial thromboplastin time; CrCl, creatinine clearance; HR, hazard ratio; ISTH, International Society of Thrombosis and Haemostasis; NA, not available. 
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Table 3 

Ongoing multicenter prospective clinical trials evaluating heparins in adults with COVID-19. 

Heparin Patients Study Design Primary Endpoint 

Study Acronym / ClinicalTrials.gov 

Identifier 

Enoxaparin 40 mg subcut daily for 14 days 

versus no treatment 

Ambulatory, never hospitalized 

COVID-19 

Randomized, controlled, 

open-label 

30-day hospitalizations, 30-day 

all-cause mortality 

OVID / NCT04400799 

Enoxaparin 40 mg subcut daily < 100 kg or 

40 mg subcut twice daily if ≥ 100 kg for 21 

days versus no treatment 

Ambulatory symptomatic never 

hospitalized COVID-19 age ≥ 55 

years with at least two of the 

following additional risk factors: 

age ≥ 70 years body mass index > 

25 kg/m 

2, COPD, DM, CVD or 

corticosteroid use 

Open-label randomized, Phase IIIb Hospital admission at 21, 51 and 

90 days for ICU, ECMO or 

Mechanical ventilation 

ETHIC / NCT04492254 

Observational cohort: enoxaparin 40 mg 

subcut daily for 14 days Prospective cohort: 

enoxaparin 60 subcutaneous daily 45 to 60 kg 

or 80 mg subcut daily 61 to 100 kg or 100 

mg subcut daily > 100 kg for 14 days 

Hospitalized moderate- to severe 

COVID-19 

2 parts: a phase II single-arm 

interventional prospective study; 

observational prospective cohort 

study including all patients 

screened for receiving the study 

drug but not included in the 

phase II study. 

All-cause mortality at 30 and 90 

days 

NCT04427098 

Enoxaparin 40 mg subcut daily versus 

enoxaparin 70 mg twice daily 

Hospitalized, severe COVID-19 

with coagulopathy 

Randomized, controlled, 

open-label 

Clinical worsening during 

hospitalization: death or MI or 

objectively confirmed arterial TE 

or VTE, or need for CPAP or 

noninvasive or mechanical 

ventilation 

NCT04408235 

Therapeutic dose anticoagulation with either 

enoxaparin 1mg/kg subcut twice daily for 

CrCl ≥ 30ml/min or enoxaparin 0.5mg/kg 

subcut twice daily for CrCl ≥ 15 ml/min and 

< 30 ml/min versus institutional standard of 

care prophylaxis with LMWH or UFH 

Hospitalized severe COVID-19, 

randomized within 72 hours of 

hospitalization, have a need for 

supplemental oxygen, and either a 

D- Dimer > 4 x ULN or 

sepsis-induced coagulopathy (SIC) 

score of ≥4 

Open-label (pseudoblinding- site 

PIs blinded), randomized, active 

control 

Composite outcome of arterial TE, 

VTE, and all-cause mortality at 

Day 30 ± 2 days. 

HEP-COVID/ NCT04401293 

Therapeutic dose anticoagulation with LMWH 

(enoxaparin preferred over other LMWHs; 

preferred over UFH) or adjusted-dose UFH 

(target aPTT or anti-Xa) 

Hospitalized < 72 hrs COVID-19 Randomized, open-label Ordinal endpoint with three 

possible outcomes based on the 

worst status of each patient 

through day 30: no requirement 

for invasive mechanical 

ventilation, invasive mechanical 

ventilation, or death 

ATTACC / NCT04372589 

Therapeutic dose anticoagulation (LMWH or 

UFH at any dose above prophylactic dose) 

versus prophylactic dose anticoagulation 

(LMWH or UFH) 

Hospitalized < 72 hrs COVID-19 Open-label, randomized, masked 

adjudicators 

Number of organ support free 

days (free of Noninvasive or 

mechanical ventilation or 

vasopressors) through day 21 ISTH 

major bleeding 

ACTIV-4 Inpatient/ NCT04505774 

Therapeutic tinzaparin 175 IU/kg every 24 

hours if CrCl ≥ 20 mL/min or UFH (target 

anti-Xa) if CrCl < 20 mL/min versus 

prophylaxis standard of care (LMWH or UFH) 

for 14 days 

Hospitalized COVID-19 Group 1: 

patients not requiring ICU at 

admission with mild disease to 

severe pneumopathy according to 

The Who Criteria of severity of 

COVID pneumopathy, and with 

symptom onset before 14 days, 

with need for oxygen but NIV or 

high flow Group 2: Respiratory 

failure and requiring mechanical 

ventilation, WHO progression 

scale ≥ 6, no do-not-resuscitate 

order (DNR order) 

Randomized, 2 parallel arms, 

stratified for disease severity 

(ventilated or not) 

14-day survival without 

ventilation (group 1), 28-day 

ventilator free survival (Group 2) 

CORIMMUNO-COAG / 

NCT04344756 

Therapeutic anticoagulation (enoxaparin 

preferred with UFH for renal insufficiency or 

morbid obesity) versus standard anticoagulant 

prophylaxis (enoxaparin preferred) 

Hospitalized with COVID-19 and 

elevated D-Dimer ( > 1500 mg/L) 

without severe ARDS 

Randomized, open-label Composite endpoint of death, 

cardiac arrest, symptomatic VTE, 

arterial TE, MI, or hemodynamic 

shock at day 21 

NCT04377997 

( continued on next page ) 
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Table 3 ( continued ) 

Heparin Patients Study Design Primary Endpoint Study Acronym / ClinicalTrials.gov 

Identifier 

Standard dose LMWH versus weight-adjusted 

LMWH (e.g. enoxaparin 40 mg twice daily 

< 50 kg, 50 mg twice daily 50-70 kg, 60 mg 

twice daily 70-100kg, 70 mg twice daily > 

100kg) 

Hospitalized COVID-19 Randomized, open-label 

controlled, stratified (ICU or not) 

Symptomatic VTE at day 28 COVI-DOSE / NCT04373707 

Standard prophylaxis with enoxaparin versus 

intermediate-dose prophylaxis with 

enoxaparin (atorvastatin 20 mg versus 

placebo) 

Hospitalized within 7 days to ICU Randomized, controlled, 

open-label, 2 × 2 factorial design 

Composite of incident VTE, 

undergoing ECMO, and all-cause 

mortality at 30 days, composite of 

objectively-confirmed VTE, 

undergoing ECMO, or death from 

any cause 

INSPIRATION / NCT04486508 [93] 

Therapeutic anticoagulation with enoxaparin 

1 mg/kg subcut twice daily or UFH (aPTT 

1.5-2 x control) versus standard prophylaxis 

(enoxaparin 40 mg subcut daily or UFH 5000 

units three times daily) (Clopidogrel 300 mg 

followed by 75 mg daily versus placebo) 

Hospitalized ICU COVID-19 Randomized, controlled, 

open-label, 2 × 2 factorial design 

VTE at day 28 or hospital 

discharge whichever sooner 

Hierarchical composite: death due 

to VTE, arterial thrombosis, type 1 

MI, ischemic stroke, systemic 

embolism or acute limb ischemia, 

or clinically silent DVT 

COVID PACT / NCT04409834 

Therapeutic anticoagulation with either: oral 

rivaroxaban 20 mg daily (15 mg daily if CrCl 

30-49 mL/min and/or concomitant use of 

azithromycin) or enoxaparin 1 mg/kg every 

12 hours or UFH (preferred if DIC) versus 

usual anticoagulant prophylaxis standard of 

care for 30 days 

Hospitalized COVID-19 with 

D-dimer > 3 x ULN 

Randomized, controlled, 

open-label 

Composite endpoint: mortality, 

number of days alive, number of 

days in the hospital and number 

of days with oxygen therapy at 

the end of 30 days (win ratio) 

ACTION / NCT04394377 

Therapeutic anticoagulation (either treatment 

dose enoxaparin or UFH infusion per 

weight-based nomogram) administered until 

discharged or 28 days versus standard of care 

Hospitalized COVID-19 with 

D-dimer > 2 x ULN within 72 

hours of admission 

Randomized, controlled, 

open-label 

ICU admission, non-invasive 

positive pressure ventilation, 

invasive mechanical ventilation, or 

all-cause death up to 28 days 

NCT04362085 

Therapeutic dose bemiparin (115 IU/kg subcut 

daily) versus prophylaxis dose bemiparin 

(3500 IU/kg subcut daily) for 10 days 

Hospitalized COVID-19 with 

D-dimer > 500 ng/mL 

Randomized, single-blind Composite endpoint (worsening): 

death, ICU admission, need for 

either non-invasive or invasive 

mechanical ventilation, 

progression to moderate / severe 

respiratory distress syndrome 

according to objective criteria 

(Berlin definition), VTE, MI, or 

stroke 

NCT04420299 

FREEDOM Trial Prophylaxis enoxaparin (40 

mg subcut daily or 30 mg subcut daily for 

CrCl < 30 mL/min) versus Therapeutic dose 

enoxaparin (1 mg/kg subcut every 12 hours 

or 1 mg/kg subcut daily for CrCl < 30 mL/min) 

and Therapeutic dose apixaban (5 mg PO 

every 12 hrs or 2.5 mg every 12 hours for 

patients with at least two of three of age ≥80 

years, weight ≤60 kg or serum creatinine 

≥1.5 mg/dL) 

Hospitalized COVID-19 but not yet 

intubated 

Randomized, controlled, 

open-labelled 

The time to first event rate within 

30 days of randomization of the 

composite of all-cause mortality, 

intubation requiring mechanical 

ventilation, systemic VTE 

confirmed by imaging or requiring 

surgical intervention OR ischemic 

stroke confirmed by imaging 

Number of in-hospital rate of 

BARC 3 or 5 bleeding 

NCT04512079 

COVID-HEP Therapeutic anticoagulation with 

UFH or enoxaparin versus prophylaxis dose 

UFH or enoxaparin (augmented prophylaxis 

dose if in ICU) from admission to end of 

hospital stay 

Hospitalized COVID-19 Randomized, parallel, open-label, 

single masked 

30-day composite outcome 

arterial or venous thrombosis, DIC 

and all-cause mortality ISTH major 

bleeding 

NCT04345848 

( continued on next page ) 
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Table 3 ( continued ) 

Heparin Patients Study Design Primary Endpoint Study Acronym / ClinicalTrials.gov 

Identifier 

Rivaroxaban 10 mg PO daily x 35 days versus 

placebo 

Medically ill outpatients with 

symptomatic COVID-19 

Randomized, double-blind, 

placebo-controlled 

35-day composite outcome of 

symptomatic VTE, MI, ischemic 

stroke, acute limb ischemia, 

non-CNS systemic embolization, 

all-cause hospitalization and 

all-cause mortality 

PREVENT-HD / NCT04508023 

Apixaban 2.5 mg PO twice daily versus 

apixaban 5 mg PO twice daily versus aspirin 

81 mg PO daily versus placebo for 45 days 

Adults > age 40 and < 80 years 

found to be COVID-19 positive 

with elevated D-dimer and hsCRP 

who do not require hospitalization 

due to stable COVID-19 related 

symptoms status. 

Randomized, double-blind, 

placebo-controlled 

45-day composite endpoint of 

need for hospitalization for 

cardiovascular/pulmonary events, 

symptomatic VTE, MI, ischemic 

stroke, and all-cause mortality 

ACTIV Outpatient / NCT04498273 

Standard prophylactic dose enoxaparin (40 

mg subcut daily or 30 or 40 mg subcut twice 

daily if BMI ≥30kg/m2; standard of care arm) 

versus intermediate-dose enoxaparin (1 

mg/kg subcut daily or 0.5 mg/kg subcut twice 

daily if BMI ≥30kg/m2; intervention arm) 

Hospitalized with COVID-19 Randomized, open-label, 

controlled 

30-day all-cause mortality ISTH 

major bleeding 

NCT04360824 

Therapeutic dose UFH or LMWH versus 

standard prophylaxis according to local 

standard 

Hospitalized with COVID-19 Randomized, open-label, parallel 30-day ordinal endpoint with 

three possible outcomes based on 

the worst status of each patient 

through day 30: no requirement 

for invasive mechanical 

ventilation, invasive mechanical 

ventilation, or death. 

ATTACC / NCT04372589 

a PTT, activated partial thromboplastin time; ARDS, acute respiratory distress syndrome; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; CrCl, creatinine 

clearance; CVD, cardiovascular disease; DIC, disseminated intravascular coagulation; DM, diabetes mellitus; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; ISTH, International Thrombosis and 

Haemostasis; LMWH, low-molecular-weight heparin; MI, myocardial infarction; NIV, noninvasive ventilation; SIC, sepsis induced coagulopathy; subcut, subcutaneous; TE, thromboembolism; UFH, unfractionated 

heparin; VTE, venous thromboembolism; WHO, World Health Organization. 
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0. Conclusion and perspectives 

COVID-19 pandemic has dramatically increased the risk of ve- 

ous and arterial thromboembolic events in many patients. In- 

eed, the link between COVID-19 and coagulopathy is attracting 

ttention from both clinicians and basic scientists. At the molec- 

lar/cellular levels, numerous signaling pathways due to dysregu- 

ated RAAS may contribute to the observed coagulopathy in COVID- 

9. On the other hand, excessive innate immune response to SARS- 

oV2 for which there is no prior acquired immunity mediates var- 

ous pathways that may lead to thrombosis. These pathways may 

ffer new opportunities for the development of innovative thera- 

ies to treat COVID-19 induced coagulopathy. Currently clinicians 

re facing challenges with selecting the most effective prophylac- 

ic anticoagulant strategies. Future research is moving forward to 

dentify pathophysiologic mechanisms, biomarkers and appropriate 

nticoagulation dosing strategies to improve patient outcomes. 

Currently we recommend that clinicians enroll patients in clini- 

al trials where available. Because data are lacking on the safety of 

herapeutic versus prophylactic anticoagulation and current guide- 

ines give options, an individualized approach is recommended bal- 

ncing benefit versus bleeding risk. Studies evaluating the role of 

nticoagulation in all phases of care of patients with COVID-19 are 

nderway including out-of-hospital ambulatory, hospitalized, and 

ost-hospital patients. Results of these ongoing studies will help 

hape our future practice. 
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